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APPENDIX 
DATA ON INPUT PARAMETERS. 

1.0 GENERAL 

This Appendix presents information on representative values for parameters used in the 
computations. It is intended to serve as a reference that will permit the user to make preliminary 
estimates for use in a screening analysis, and for comparing local values against those developed 
from a broader data base. . 

2.0 RAINFALL STATISTICS 

Long-term rainfall patterns for an area are recorded in the hourly precipitation records of 
rain gages maintained by the U.S. Weather Service (USWS). The analysis procedures used in this 
manual are based on Wstatistical: characteristics of storm “events.” As illustrated by Figure A-1, 
the hourly record may be converted to an “event” record by the specifkation.of a minimum number 
of dry hours that defines the separation of storer events. Routine statistical procedures are then used 
to compute the statistical parameters (mean, standard dkviation, coeffkient of variation) of all events 
in the record for the rainfall properties of interest. 

. A computer program, SYNOP, documented in a publication of EPA’s Nationwide Urban 
Runoff Program (NURP), computes the desired statistics Tom rainfall data tapes obtainable from 
USWS. It generates outputs based on the entire record, and also on a stratification of the record by’ * 
month, which is convenient for evaluating seasonal differences. 

0 Table A-1 summa& es the statistics for storm event parameters for rain gages in selected 
cities dktributed throughout the country. These data may be used to guide local estimates, pending 
analysis of specific data based on a’site-specific rain gage. The tabulations provide values for mean 
and coefficient of variation for storm event volumes, average intensities, dtiations, and intervals 
between storm midpoints. The cities for which results have been tabulated are grouped by region of 
the country. Results are presented for both the long-term average of all storms, and for the June 
through September period that is often the critical period for receiving water impacts. . 

Figure A-2 provideskitial estimates of storm event characteristics for broad regions of the 
country, based on data in the foregoing table. _ 
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Table A-t. RAINFAtL EVENT CHARACTERtSTtCS FC?R SELECTlEO CITIES 

Annus t June to S0plemtmr 

Mean Coefftciemt of Variation Mean Coefficient of Variation 

Location V t 0 n % vi vd % v  I 0 A b vj vd VA 

. 

,102 

Great Cakes 

1.47 1.37 t-02 . t -02 0.45 
t.06 1.12 0.33 
t.08 t.00 0.37 
1.40 t .ot 0.49 

1.02 t .07 0.27 

1.08 t.00 0.36 
1.08 0.98 0.34 
1.39 1.00 0.39 
0.99 I.03 0.29 
0.93 t-03 0.36 
1.10 I.02 0.29 
0.95 t.00 0.34 

4.6 
6.2 
4.5 
5.3 
3.t 
4.5 
4.5 
5.9 
3.7 
4.3 
4.2 
5-t 

4.7 
5.0 
5.3 
5.9 

5.2 

3.3 
3.3 
2.8 
3.2 
3.3 

3.2 

87 t-44 I.22 
67 1.49 1.37 

t .ot 
t .oo 
t .04 
t.22 
0.82 
t .OI 
1.00 
I.76 

t .93 
0.95 
0.98 
0.90 

1.05 
1.13 
I.02 
0.94 
I.14 * 

Ctmmpuign-ltrbana, tl 0.35 
chtcago, II. (3) 0.27 
ChIcago, tc (5) 0.27 
Davenport, IA 0.38 

,063. 6. t 
,053 4.4 
,053 5.7 
,077 6.6 
,050 * 4.4 

.wt 6.7 
,043 6.0 
,057 7.0 
ma 5.0 
AKt 6. t 
l 04t 5.6 
,047 6*.2 

80 
62 
72 
98 
57 
76 
07 
79 
62 
77 
62 
87 

1.44 1.58 
1.59 t.54 
1.37 t.24 
I.59 t.t6 
1.45 t .42 
1.48 1.22 
1.28 1.03 
1.52 1.16 
1.24 LO1 
I.56 1.55 
t .42 1.42 

,091 
,090 
.tt2 

,095 
,094 
.075 
,094 
,083 
,100 
,073 
,078 

Y 

,086 6.9 89 

,113 4.9 89 
,080 7.8 t to 
.to8 7.7 to9 

,097 7.3 99 

t.36 t.3t t.07 t -01 0.44 ,112 

1.46 t-40 1.24 t .oz 0.53 et42 
t.39 I.27 t-09 0.99 0.49 . to5 
1.64 t-40 t.26 0.99 0.63 A30 

t.46 t.35 -t,t7 1.00 9.52 ,122 

A83 
,078 
,072 
,079 
*(I86 

4.2 
4.0 
3.5 
4.2 
4.2 

128 1.52 1.24 t .ot 1.45 0.42 .t2t 
96 1.88 t ,511, t.06 t*44 0.38 Jo6 

76 1.42 1.37 
91 1.32 1.14 
64 t ,431 I.32 
78 I.40 L3l’ 
74 t.34 1.26 
88 t-28 I.27 
69 1.43 1.37 
80 t -23 LII 
71 t-39 1.25 
89 1.25 1.13 

Detroit, Ml 0.21 

4.0 

Coutsvttte, KY 0.38 
Hinneepdis, MN ’ 0.24 
steubenvilie, OH 0.31 

7 * Tote& OH 0.22 
aa 

zsn43svitt8, aI 0.30 
‘Lansing, MI (5WO yfl 0.21 
Lansing, Nt f5)(21 yr) 0.26 
Ann Arbor, HI (51 

I.04 
0.92 
0.95 
I.06 
I A6 
I .OO 
0.98 

Lqw8f Hlsstsstppt Valtey 
I  

1.12 Merrrphis, TN 0.52 
New Orleans, LA (8) 0.61 
Shfevepoft, LA (9)(: t7 yr) 0.54 
Cake Chahs, LA (10) 0.66 

88 1.35 1.28 
65 1.40 1.42 

to9 1.50 1.27 
86 t 30 l.4l 

I .O6 
I.34 I.08 

l I -28 I A9 
I .43 0.99 

Average 0.58 87 t-54 I.35 1.29 1.06 . 

Texas 

Abi he, TX . 0.32 
Austin, TX 0.33 
fhwnsville, TX 0.27 
Oath, TX 0.39 
lhco, TX 0.36 

114 t.56 1.32 0.98 1.46 
to8 1.82 1.71 I .02 1.49 

tot t -994 I.33 1.30 I.67 
ttt 1.65 1.24 I l Ol 1.44 
i24’ 1.60 I.34 I.07 1.39 

t A9 2.02 t ,163 t.20 I.50 0.33 JO4 
too t .64 1.23 1.00 t-32 0.38 mo 

1.06 1.66 1.40 I.08 I.36 0.40 ,117 

to8 I.74 t.37 1.07 1.41 0.3& .tio Average 0.33 112 t.71 I.39 I.08 1.49 
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Table A-I. RAINFALL EVENT CHARACT&?bSflCS FOR SELECTED CITlES kontinuedl 

Annual Am3 fo September 

Mean Coefficient of Variation Mean Coefficient of Variation_ 

Location v  1 0 A vV 9 vd Va V 1 0 A vu vi vd VA 

Northeast 

c4bfbou, ME 
l3oston, MA 
Lak6 George, NY 
Kingston, NY 
PoughkQegsie, NY 
Mew York city, NY 
lww3ole Cl, NY 
upton 69, WY 
Wantagh L8, NY (2 YR) 
Long Island, NY ’ 
Wmhington, D.C. 

Gfeensboro, NC 0.32 
columbila, SC 0.38 
Atlanta, GA 0.50 
Birmingham, ALA 0.53 
&hesviIle, FLA 0.64 
Tampa, FLA 0.40 

Average 0.49 

* 0.21 
0.33 
0.23 
0.37 
0.35 
0.37 
0.43 
0.43 
O-40 
0.41 
0.36 
0.40 

¶ 

,034 
,044 
l 067 
,052 
A52 
,053 
,008 
,076 
,075 
,126 
,067 
,069 

,067 
,102 
,074 
Al86 
,139 
,110 

,102 

. 

5.8 55 
6. I 68 

5.4 76 
7.0 80 
6.9 81 

,6*7 77 
5.8 09 
63 8% 
5.6 83 
4.2 93 
5.9 80 
6.0 82 

5.0 
4.5 
8.0 
7.2 

7.6 
3.6 

6.2 

67 1.40 1.44 1.11 l.l8 0.34 ,093 
68 t-55 I.59 ldlf I.18 0.41 ,153 
94 1.37 I.16 1.11 0.93 0.45 .100 
83 1.44 I.Pi 8.09 1.00 0.45 ,111 

106 I.35 us I.66 1.06 0.65 .I61 
93 1.63 1.21 1.11 I.00 0.44 ,138 

09 1.47 1.28 1.22 1.05 0.48 ,133 

I.58 0.97 I.03 LO3 0.24 ,054 
I.67 1.02 I.03 Lo6 0.30 ,063 
1.26 1.98 0.91 1.48 0.27 ,076 
I.35 I .OI 0.91 0.98 0.35 ,073 
1.31 ,035 0.87 0.95 0.36 ,081 
I.37 I.04 0.93 0.89 0.30 ,076 
1.34 I.14 1.30 0.99 0.41 ,114 
1.42 1.06 1.09 0.99 0.42 . tot 
#.54 I.24 I.03 I.03 0.34 ,091 
1.35 0.30 d.02 I.72 0.41 ,127 
1.45 I.18 6.03 Loo 0.41 ,107 
1.40 1.21 I.01 1.03 . 0.43 .I07 

4.4 55 1.64 
4.2 73 1.80 
4.5 72 I.25 
5.0 79 1.46 
4.9 82 1.48 
4.8 75 1.51 
4.5 88 1.42 
4.6 88 1.56 
4.0 74 t.59 
3.4 99 1.52 
4.1 78 1.67 

4.2 79 1.66 

3.6 
3.4 
6.2 
5.0 
6.6 
3. I 

4.9 

62 . 1.67 
50 1.39 
87 1.43 
76 1.47 
70 I.41 
49 1.70 

60 #.52 

Ll3 Loo t -01 
1.20 1.12 1.12 

L61 0.86 I.44 
I.27 Loo- 1.08 
1.16 0.96 LOO 
1.28 I.03 0.95 
I.17 1.48 1.03 

LIO 1.23 1.02 
I.08 1.28 0.99’ 
I.15 I.21 1.37 
1.38 1.10 I.06 
I.49 I.08 c.08 

1.43 J.20 t-19 
1.68 1.25 1.13 
1.27 ’ 1.31 0.97 

- 1.33 1.18 LO1 
1.13 1.63 0.92 
1.28 1.28 I .Ol 

J.34 1.33 I .OI 
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Table A-l. FUUNFALC EVENT CHARACTERISTKS IFOR SElECTED CITIES (concluded) 

Annua 1 June to September 

Mean Coefficient of Variajhn Mean Coefficient of Variation -- -_u 

Location ‘?d . % 0 h Vv Vi Vd VA 

. Rocky Hountai ns 

Denver, CO (31 8 YRS 0.15 
Denver, CO (3) 25 YRS 0.13 
Denver, Co 03) 24 YRS 0.22 
Rapid city, SD (3) 0.15, 
Rapid City, SD (12) ’ 0.20 
Sdt Lake City, UT (3) 0.14 
Salt Lake CHy, UT (3) 0. I8 

(2 GAGES) 

5. 
ul 

Aver&e (21 

Cal ffornfs 

0.15 

Oakland, CA 
San Francisco, CA (7% 

O*l9 *CD5 4.3 320 1.62 0;74 I .OJ 0.60 O.Il -020 2.9 756 1.63 0.56 LOO I.09 

0.78 ,017 59 515 1.45 0.89 1.37 0.72 0.14 ,017 11.2 830 1.46 0.70 I .67 0.75 

El Paso, 7X 
Phoenfx, AZ 

Average 

0. I5 
0.17 

0.17 

Northwest 

Portland, OR (3) 25 YRS 0.17 
Portland, OR 00) IO YRS 0.36 
Eugene, OR (6) 0.39 
Eugene, CM? ( 15) 0.63 
Eugene, OR (201 0.72 
SealWe, WA (15) 0.46 

. Average 0.48 ,024 20.0 101 1.61 . 0.84 1.23 1.21 0.26. ,027 Il.4 188 I.33 I.11 I.20 I.0 

,033 
,033 
,032 
,039 
,033 
,031 
,023 

,036. 

4.3 97 
4.8 I01 
9. I 144 
4.0 86 
8.0 127 
4.5 94 
7.8 I33 

4.4 94 1.77 1.35 1.20 1.24 0.18 ,059 3.1 78 1.74 I.44 I.14 I.13 

.O47 3.3 226 

.OSS 3.2 2&i 

l Q45 3.6 277 I.51 I.04 1.02 1.48 0.17 A60 2.6 425 I.61 I.16 I .Ol I.26 

,017 5.4 60 MO 0.85 1.00 1.47 O.Ifi ,059 4.5 109 I,45 0.99 0:95 1.64 
-023 15.5 83 I.51 0.79 1.09 1.32 0.22 ,027 9.4 I79 1.32 I.33 I.13 I.20 
,030 10.9 73 1.85 0.87 I.25 1.74 0.21 .033 6.3 167 1.32 I .Ol I.05 1.49 
,026 23.1 118 1.88 0.88 1.35 I.30 0.28 ,029 12.0 226 I.28 I.07 I.32 I.20 
,023 29.2 136 1.85 0.9! I.34 1.19 0.31 ,027 15.0 250 I.24 I.l5 I.19 IA 
,023 21.5 IOI 1.45 0.86 1.26 1.02 0.29 -024 12.7 I59 I.45 0.92 I.24 I .04 

. 

2.00 1.38 1.24 1.23 0.18 ,033 3.2 82 1.90 1.44 1.20 1.26 
I.73 1.07 1.20 1.15 0.15 ,055 3.2 80 1.85 I .5l I.20 I.05 
1.49 1.13 l. 15 0.92 0.22 ,053 4.4 IOl I.78 I.53 I.35 0.23 

. 

I .8l I.63 1.21 1.33 0.20 ,063 3.0 75 I.63 I.36 I.08 1.20 

1.46 1.09 1.24 0.95 0.25 ,059 6.1 #Ol 1.50 1-M - I.39 0.94 
I .42 0.91 0.92 1.39 0.14 ,041 2.8 I25 1.31 I.13 0.80 I.41 

t.32 1.06 Q.85 0.97 0.16 ,031 6.8 I64 1.43 I.06 I.01 0.98 

Ii54 1.12 I .07 I.43 0.19 ,069 2.6 142 1.68 1.20 I.20 I.44 
I.38 1.26 0.97 1.42 0.21 .090 2.4 379 1.51 ’ I.64 0.04 I.25 . 
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Figure A-2. Representative regional values for preliminary estimates 
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From the statistics of the storm event parameters, other values of interest may be 
determined. * 

I The ratio of mean storm duration @), to-the mean interval between storms (A), reflects the 
+ percent of the time’that storm evcWs are in progress: , 

%timethatitisrairhg = $ 

The average number of storms during any period of time is defined by the ratio between the 
total number of hours in the selected period and the average interval between storms (A). For 
example, on an annual basis: 

Avg. number of storms per year = v 

The storm event parameters of interest have been shown to be well represented by a gamma 
distribution, and the results listed in Table A-l indicate that the coefficient of variation of the event 
parameters gene’rally falls between 1.0 and 1.5. Figure A-3 plots the probability distribution of 
gamma distributed variables with coefficients of variation of 1.0, 1.25, and 1.5, in terms of 
probability of occurrence as a function of the magnitude, expressed as a multiple of the mean. 

This 

plot cti be used to approximate the magnitude of an event with a spedkd frequency of occurrence. 

For example, consider a site where storm events have volume statistics for ‘mean and 
coefficient of variation of 0.4 inch, and 1.5 respectively. Figure A-3 can be used to estimate that 1 
percent of all stornz events have volumes that exceed about 7.5 times the mean (or 7.5 * 0.4 = 3 
inches). If the same location has an average interval between storms (A) of 87.5 hours, there will be 
an average of: 

(365 * 24) / 87.5 = 100 events/year 
. 

and the 1 percentie event (3 inches) reflects a-storm volume exceeded on average, once iper year. 

3.0 RUNOFF COEFFICIENT (lb) 

Runoff coefficient is defined as the fraction of%ainfaU that appears as surface runoff. The 

substantial data base developed under EPA’s NURP program indicated that runoff coefficient varied 
from event to event at any site. Variations were not significantly correiated with storm size or 
intensity and can be treated as random. The median value for a site was best estimated by the 
percent of impervious surface in the drainage area. 

Figure A-4 illustrates the relationship between the median runoff coefficient observed at an 
urban site and the percent of impervious area in the cat&me, 

A-7 
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Figure A-3. Probability distribution for a variable with a 
gamma distribution 
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This information may be used to guide estimates of the surface runoff routed to a detention 
basin during storm events. 

4.0 SETTLING VELOCITIES 

. 
The settling velocity of particulates in urban runoff is a key determinant of the efficiency of 

pollutant removals by sedimentation. Settling velocity measurements were conducted on 
approximately 50 different runoff samples fkom seven urban sites. These data may be used to guide 
estimates in the absence of local settling column study results. 

There is a wide range of particle sizes, and hence settling velocities; in any sample:.~of 
stormwater runoff. This range can be described by a probability distribution of pollutant settling 
velocities and determined by an appropriate analysis of the data obtained from standard settling 
column tests, as described flier below. When the settling velocity distributions obtained from the ’ 
NLJRP studies were analyzed, it was found that there were differences between separate storms at a 
site, and differences between individual storms at different sites. Site-to-site differences were of the 
same order as storm-to-storm variations at a particular site, justifying the combination of ‘Xl data. 
The result of such an analysis, illustrated by Figure A-5, indicated that it is reasonable to make 
estimates of “typical” urban runoff settling characteristics and expect that, in an appropriate analysis, 
short-term variations will average.out. This assumption and the relationship shown, proved to work 
out quite well in the analysis of the performance.of nine different detention basins in different parts 
of the country arid differing radically in size. 

. 

For analysis purposes, the indicated range of settling velocities can be broken down into 
five equal Iixctions that have the characteristics listed in Section 4 of this document. , 

While the “typical” values provided here are considered to be satisfactory for initial 
estimates, and for screening analyses, additional settEng column studies are encouraged to expand- ’ 
the data base and improve site-specific estimates, The test procedure is quite simple, and utilizes 
equipment arid procedures that have been in general use for many years and frequently applied in 

* water and waste treatment applications. The only difference is the tectique suggested for analyzing 
. the data to increase its utility for stormwater runoff applications. . 

The equipmentand procedure are shown schematically by Figure A-6. Thk settling column9 
typically lucite and about 6 inches in diameter by 6 feet high, is fitted with a series of sample ports. 
It is f’llled with the runoff sample, then small samples are withdrawn from the ports at scheduled 
intervals of time. Concentrations of pollutants of interest are compared with the initial concentration 
and the pattern of percent removal versus port depth (H) and time CT) is determined. Since each port 
depth and sample time corresponds to a settling velocity, each measurement (expressed as percent 
removal) can be interpreted as the percent of the total that have settling vekxities equal to or greater 
than that characterized by port location and sampling time. 

0 
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Figure A-5. Probability distribution of settling velocities in 
urban runoff-typical based on pooled data . 
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SETTLING COLUMN ELAPSED TIME TO SAMPLE WITHDRAWAL 
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0 = Data Point - Record % removed based on observed 
. . vs. initial concentration 

0 

. r Settling velocity (Vs) for that removal fraction is determined 
from the corresponding sample depth (h) and time (t) 

VS =,HTT 

Observed % removed reflects the fraction with velocities 
equal or greater than computed V, 

A probability plot of results from all samples 
describes the distribution of particle settling 
velocity in the sample . 

vS 

n 

PROBABILITY 

Figure A-6. Estimating settling velocity distributions from settling 
column tests 

, 



. Test results are often somewhat erratic because of the sensitivity of analytical tests 
(especialli TSS at low concentrations) and thermal currents and other disturbances in the column: 
The use of multiple ports and settling times provides data on a range of settling velocities, and 
provides duplicate measurements for many settling velocities and therefore an opportunity to average 
out variations inherent in the test procedure. 

r, . 
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